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METHOD AND APPARATUS FOR 
DETECTING DECREASE IN TIRE 

AIR-PRESSURE AND PROGRAM FOR 
J UDGING DECOMPRESSION OF TIRE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method and an appa 
ratus for detecting decrease in tire air-pressure and a pro 
gram for judging decompression of a tire. More particularly, 
it relates to a method and apparatus for detecting decrease in 
tire air-pressure and a program for judging decompression of 
a tire With Which it is possible to detect simultaneous 
decompression of tWo Wheel tires of both front Wheels or 
rear Wheels. 

2. Description of Background Art 
An apparatus for detecting decrease in tire air-pressure 

(DWS) in Which decompression of a tire is detected on the 
basis of rotational (Wheel speed) information of four Wheel 
tires attached to a vehicle is conventionally knoWn. Such an 
apparatus employs a theory that a rotational velocity or a 
rotational angular velocity of a decompressed tire is 
increased When compared to remaining normal tires oWing 
to a decrease in outer diameter (dynamic load radius of the 
tire) from that of a tire of normal internal pressure. In a 
method for detecting decrease in internal pressure on the 
basis of a relative difference in rotational angular velocities 
of tires (reference should be made to Japanese Unexamined 
Patent Publication No. 305011/1988), 

is employed as a judged value DEL. Here, F1 to F4 denote 
rotational angular velocities of a front left tire, a front right 
tire, a rear left tire and a rear right tire, respectively. 

HoWever, since decompression is judged on the basis of 
a difference in sums of rotational angular velocities of the 
four Wheels Which are respectively located diagonally With 
respect to each other, it is impossible to detect simultaneous 
decompression of both front Wheels or both rear Wheels. It 
therefore eXists the danger that fuel consumption is Wors 
ened through increase in rolling resistance of the tire and that 
a burst might be caused upon continuing running Without 
being aWare of decompression. 

SUMMARY OF THE INVENTION 

In vieW of the above facts, it is an object of the present 
invention to provide a method and an apparatus for detecting 
decrease in tire air-pressure and a program for judging 
decompression of a tire With Which it is possible to detect 
simultaneous decompression of tWo Wheel tires of both front 
Wheels or both rear Wheels. 

In accordance With the present invention, there is pro 
vided a method for detecting decrease in tire air-pressure in 
Which decrease in internal pressure of a tire is detected on 
the basis of rotational information obtained from tires 
attached to a vehicle. The method includes the steps of: 
detecting rotational information of the respective tires; stor 
ing the rotational information of the respective tires; obtain 
ing an acceleration/deceleration of the vehicle; obtaining a 
slip rate When the acceleration/deceleration of the vehicle is 
Within a speci?ed range proximate to Zero; comparing the 
slip rate With a slip rate Which has been preliminarily 
obtained When the tire is under normal air pressure; and 
judging simultaneous decompression of both front Wheel 
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2 
tires or simultaneous decompression of both rear Wheel tires 
on the basis of a relationship betWeen a value obtained 
through comparison of the tWo slip rates and a speci?ed 
threshold. 

Also, in accordance With the present invention, there is 
provided an apparatus for detecting decrease in tire air 
pressure in Which decrease in internal pressure of a tire is 
detected on the basis of rotational information obtained from 
tires attached to a vehicle. The apparatus includes: rotational 
information detecting means for detecting rotational infor 
mation of the respective tires; a rotational information 
storing means for storing the rotational information of the 
respective tires; an acceleration/deceleration calculating 
means for obtaining an acceleration/deceleration of the 
vehicle; a slip rate calculating means for obtaining a slip rate 
When the acceleration/deceleration of the vehicle is Within a 
speci?ed range proximate to Zero; a slip rate comparison 
means for comparing the slip rate With a slip rate Which has 
been preliminarily obtained When the tire is under normal air 
pressure; and a decompression judging means for judging 
simultaneous decompression of both front Wheel tires or 
simultaneous decompression of both rear Wheel tires on the 
basis of a relationship betWeen a value obtained through 
comparison of the tWo slip rates and a speci?ed threshold. 

Moreover, in accordance With the present invention, there 
is provided a program for judging decompression of a tire, 
in Which for judging decrease in tire air-pressure, a computer 
is made to function as a rotational information storing means 
for storing the rotational information of the respective tires; 
an acceleration/deceleration calculating means for obtaining 
an acceleration/deceleration of the vehicle; a slip rate cal 
culating means for obtaining a slip rate When the 
acceleration/deceleration of the vehicle is Within a speci?ed 
range proximate to Zero; a slip rate comparison means for 
comparing the slip rate With a slip rate Which has been 
preliminarily obtained When the tire is under normal air 
pressure; and a decompression judging means for judging 
simultaneous decompression of both front Wheel tires or 
simultaneous decompression of both rear Wheel tires on the 
basis of a relationship betWeen a value obtained through 
comparison of the tWo slip rates and a speci?ed threshold. 

Further scope of applicability of the present invention Will 
become apparent from the detailed description given here 
inafter. HoWever, it should be understood that the detailed 
description and speci?c examples, While indicating pre 
ferred embodiments of the invention, are given by Way of 
illustration only, since various changes and modi?cations 
Within the spirit and scope of the invention Will become 
apparent to those skilled in the art from this detailed descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will become more fully understood 
from the detailed description given hereinbeloW and the 
accompanying draWings Which are given by Way of illus 
tration only, and thus are not limitative of the present 
invention, and Wherein: 

FIG. 1 is a block diagram illustrating one embodiment of 
an apparatus for detecting decrease in tire air-pressure 
according to the present invention; 

FIG. 2 is a block diagram illustrating electric arrange 
ments of the apparatus for detecting decrease in tire air 
pressure of FIG. 1; and 

FIG. 3 is one eXample of a ?oWchart of the present 
invention. 

DETAILED DESCRIPTION 

The method and apparatus for detecting decrease in tire 
air-pressure and the program for judging decompression of 
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a tire according to the present invention Will noW be 
explained on the basis of the accompanying drawings. 
As illustrated in FIG. 1, the apparatus for detecting 

decrease in tire air-pressure according to one embodiment of 
the present invention is for detecting Whether an air-pressure 
of four tires FL, FR, RL and RR (generally referred to as Wi, 
Wherein i=1 to 4, 1: front left tire, 2: front right tire, 3: rear 
left tire and 4: rear right tire) mounted to a four-Wheeled 
vehicle is reduced or not, and comprises ordinary rotational 
information detecting means 1 provided in relation to the 
respective tires Wi. 

The rotational information detecting means 1 might be a 
Wheel speed sensor for measuring Wheel speeds (rotational 
speeds) on the basis of number of pulses upon generating 
rotational pulses by using an electromagnetic pickup or 
similar, or an angular velocity sensor in Which poWer is 
generated by using rotation such as in a dynamo Whereupon 
the Wheel speeds are measured by using this voltage. Out 
puts of the rotational information detecting means 1 are sent 
to a control unit 2 comprising a computer such as an ABS. 
A display 3 composed of liquid crystal elements, plasma 
display elements or CRT to display decompressed tires Wi, 
and an initialiZation sWitch Which can be operated by a 
driver are connected to the control unit 2. 

The control unit 2 comprises, as illustrated in FIG. 2, an 
I/O interface 2a required for sending/receiving signals 
to/from an external device, a CPU 2b Which functions as a 
center of calculation, a ROM 2c Which stores a control 
operation program for the CPU 2b, a RAM 2d into Which 
data are temporally Written and are read out therefrom When 
the CPU 2b performs control operations, and an EEPROM 
26 into Which an initial learning value and updated values 
are Written. 

Pulse signals corresponding to the rotational number of 
tires Wi (hereinafter referred to as “Wheel speed pulse”) are 
output from the rotational information detecting means 1. In 
the CPU 2b, rotational angular velocities Fi for respective 
tires Wi are calculated on the basis of the Wheel speed pulses 
as output from the Wheel speed sensors 1 at speci?ed 
sampling periods AT(sec), for instance, AT=40 msec. 

Since the tires Wi are manufactured to include variations 
(initial differences) Within standards, effective rolling radius 
of the respective tires Wi (a value obtained by dividing a 
distance Which has been traveled by a single rotation by 275) 
are not necessarily identical to one another even though all 
of the tires Wi are under normal internal pressure. This Will 
result in variations in the rotational angular velocities Fi of 
the respective tires Wi. Thus, corrected rotational angular 
velocities F1 ,- to cancel variations oWing to initial differences 
are calculated. More particularly, corrections are performed 
to satisfy 

The correction coef?cients m and n are obtained as 

m=F1/F2 and n=F3/F4 on the basis of rotational angular 
velocities Fi Which have been calculated on the premise that 
the vehicle is performing straight-ahead driving. The Wheel 
speed Vi of the tires of the respective Wheels is calculated on 
the basis of the above F1i. 

While a slip rate obtained When running for a short time 
(slip rate When the acceleration/deceleration of the vehicle is 
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4 
proximate to Zero) is generally employed for judging gra 
dients of road surfaces, an average of the obtained slip rates 
Will be a slip rate as obtained When running on a ?at road 
(Wheel speed ratio of front Wheels and rear Wheels) When the 
vehicle is running for a long period of time, for instance, one 
hour since the vehicle Will run both uphill and doWnhill. 
When decompression is present, a radius of a decompressed 
tire becomes smaller Whereas the Wheel speed becomes 
larger so that the Wheel speed ratio of the front Wheels and 
rear Wheels Will change from that obtained under normal air 
pressure. It is accordingly possible to judge decompression 
by observing the slip rate. 

According to the present embodiment, it is possible to 
determine that both front Wheel tires or both rear Wheel tires 
are simultaneously decompressed When a value obtained by 
comparing an average value of slip rates betWeen the tire and 
the road surface With a slip rate Which has been preliminarily 
obtained under normal air pressure, Which might for 
instance be a difference, is not less than a speci?ed threshold 
in the case Where the acceleration/deceleration of the vehicle 
is Within a speci?ed range proximate to Zero. It should be 
noted that it is possible to knoW that the driving Wheels have 
decompressed When the average value of slip rates betWeen 
the tire and the road surface is larger than the slip rate under 
normal air pressure, While it is possible to knoW that the 
folloWing Wheels have decompressed When this average 
value is smaller, and it can be further understood Which of 
those are simultaneously decompressed When correspon 
dences betWeen driving Wheels and folloWing Wheels, and 
front and rear Wheels are knoWn. 
The present embodiment is composed of: rotational infor 

mation detecting means 1 for detecting rotational informa 
tion of respective tires Wi; a rotational information storing 
means for storing the rotational information of the respective 
tires Wi; an acceleration/deceleration calculating means for 
obtaining an acceleration/deceleration of the vehicle; a slip 
rate calculating means for obtaining a slip rate When the 
acceleration/deceleration of the vehicle is Within a speci?ed 
range proximate to Zero; a slip rate comparison means for 
comparing the slip rate With a slip rate Which has been 
preliminarily obtained When the tire is under normal air 
pressure; and a decompression judging means for judging 
simultaneous decompression of both front Wheel tires or 
simultaneous decompression of both rear Wheel tires on the 
basis of a relationship betWeen a value obtained through 
comparison of the tWo slip rates and a speci?ed threshold. 
The program for judging decompression of a tire accord 

ing to the present embodiment is so arranged that the control 
unit 2 is made to function as the rotational information 
storing means for storing the rotational information of the 
respective tires Wi; the acceleration/deceleration calculating 
means for obtaining an acceleration/deceleration of the 
vehicle; the slip rate calculating means for obtaining a slip 
rate When the acceleration/deceleration of the vehicle is 
Within a speci?ed range proximate to Zero; the slip rate 
comparison means for comparing the slip rate With a slip rate 
Which has been preliminarily obtained When the tire is under 
normal air pressure; and the decompression judging means 
for judging simultaneous decompression of both front Wheel 
tires or simultaneous decompression of both rear Wheel tires 
on the basis of a relationship betWeen a value obtained 
through comparison of the tWo slip rates and a speci?ed 
threshold. 
The slip rate under normal air pressure is calculated upon 

making a vehicle run for a speci?ed period of time in Which 
the tires are knoWn to be under normal air pressure and 
obtaining some slip rates When the acceleration/deceleration 
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of the vehicle is proximate to Zero, whereupon these data 
obtained during an hour of running are accumulated and 
averaged. The obtained slip rates under normal air pressure 
is stored in the EEPROM 26 so that they can be stored even 
if the ignition key of the vehicle is turned off. 

In addition to the difference betWeen tWo slip rates, the 
comparison value might be a ratio of tWo slip rates. The 
present embodiment Will be explained by illustrating an 
example in Which the comparison value is a difference 
betWeen tWo slip rates. 

In the present embodiment, the Wheel speeds of the Wheel 
tires of the four Wheels are detected in not more than 1 
second, and preferably not more than 0.05 second. 

While the acceleration/deceleration of the vehicle can be 
obtained on the basis of detected signals by employing an 
acceleration sensor, the present invention is not limited to 
this arrangement, and it is possible to obtain the same from 
a differentiated value of the Wheel speeds of the folloWing 
Wheels When the vehicle is a front-Wheel drive vehicle or a 
rear-Wheel drive vehicle. 

The acceleration/deceleration of the vehicle is moving 
averaged for each sampling time as an average value of data 
of a speci?ed period of time, for instance, data of at least 0.1 
second. 

The slip rate When the moving-averaged acceleration/ 
deceleration of the vehicle (acceleration/deceleration of the 
vehicle of a speci?ed number) is Within a speci?ed range 
proximate to Zero, for instance, 10.005 G (Wherein G 
denotes acceleration of gravity) is obtained. 
When a plurality of slip rates satisfying the condition that 

the acceleration/deceleration of the vehicle is proximate to 
Zero is present Within the speci?ed period of time, an 
average value of these slip rates is obtained. 
Upon comparing the average value of the slip rates With 

the slip rate under normal air pressure, simultaneous decom 
pression of both front Wheel tires or simultaneous decom 
pression of both rear Wheel tires is judged. 

Actions of the apparatus for detecting decrease in tire 
air-pressure according to the present embodiment Will noW 
be explained along With steps 1) to 7). 

1) The Wheel speeds (V1n, V2”, V3”, and V4”) are 
calculated on the basis of the respective rotational velocity 
of the four Wheel tires Wi of the vehicle. 

For instance, Wheel speed data of the respective Wheel 
tires Wi obtained from a sensor such as an ABS sensor at a 

certain time point are de?ned to be Wheel speeds V1”, V2”, 
V3”, and V4”. 

2) The average Wheel speeds (Vfn, Vdn) of the folloWing 
Wheels and driving Wheels are calculated. 
When the vehicle is of front-Wheel driving type, average 

Wheel speeds Vfn, Vdn of the folloWing Wheels and the 
driving Wheels at a certain time point are calculated on the 
basis of the folloWing equations (1) and 

3) The acceleration/deceleration of the vehicle (that is, 
average Wheel acceleration of the folloWing Wheels) Afn is 
calculated. 
When a Wheel speed data preceding the average Wheel 

speed Vfn of the folloWing Wheels by one is de?ned to be 
average Wheel speed Vfn_1, the acceleration/deceleration 
Afn of the vehicle is respectively obtained from the folloW 
ing equation 
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6 
Here, At denotes a time interval (sampling time) betWeen 

Wheel speed Vfn and Vfn_1 as calculated from the Wheel 
speed data, and g acceleration of gravity. The sampling time 
needs to be not more than 1 second in order to reduce 
variations in data and alloWing judgment in a short time. 
This time is preferably not more than 0.05 second. 

4) The slip rate Sn is calculated from the folloWing 
equation (4) on the basis of the ratio of the average Wheel 
speed Vdn of the driving Wheels among the Wheel speeds to 
the vehicle speed (average Wheel speed Vfn of the folloWing 
Wheels). 

5) Then, data of the slip rate and acceleration/deceleration 
of the vehicle are processed to undergo moving-averaging 
for every sampling time. 
Upon sampling data for each short sampling time, for 

instance, several tens of ms, and performing moving 
averaging of data including large variations Which have been 
obtained during this sampling time, it is possible to reduce 
variations in data Without reducing the number of data. 
As for the slip rate, 

(6) 

(7) 

MS”+1=(S2+S3+. . . +S”+1)/N 

MS,,+2=(S3+S4+. . . +S,,+2)/N 

As for the acceleration/deceleration of the vehicle, 

MAf,,=(Af1+Af2+. . . +Af,,)/N (8) 

(9) 

(10) 

6) When the acceleration/deceleration is Within a speci 
?ed range proximate to Zero, for instance, 10.005 G, a value 
for the slip rate Within this range is obtained. When a 
plurality of slip rates satisfying the condition that the 
acceleration/deceleration of the vehicle is proximate to Zero 
is present Within the speci?ed period of time, an average 
value of these slip rates is obtained. 

7) The average value of the slip rate of step 6) is compared 
With the preliminarily obtained slip rate under normal air 
pressure. More particularly, When a difference, Which is the 
comparison value, is compared With the speci?ed threshold, 
and found to be larger than the threshold, simultaneous 
decompression of both front Wheel tires or simultaneous 
decompression of both rear Wheel tires is judged. 

While the present invention Will noW be explained on the 
basis of examples thereof, the present invention is not to be 
limited to such examples only. 

EXAMPLE 

An FF (front engine/front drive) vehicle attached With 
tires of normal air pressure (2.2><105 Pa) Was provided. The 
tire siZe of the tires Was 215/50R17. Arunning condition for 
the vehicle Was a condition in Which the vehicle Was made 
to run on a straight course at a constant speed (80 km/h) With 
tWo persons riding thereon. 
Wheel speeds of the four Wheels are sampled during 

running. In order to obtain a large number of data While 
eliminating variations or measuring errors, the sampling 
time for the Wheel speed of the Wheels Was set to 40 msec. 
As illustrated in FIG. 3, the average Wheel speed of the 
folloWing Wheels Was de?ned to be the vehicle speed 
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whereupon the vehicle speed Was differentiated by the 
sampling time to obtain an acceleration/deceleration of the 
vehicle (Step S1). 
Upon performing moving-averaging of the slip rates 

obtained on the basis of a ratio of the average Wheel speed 
of the following Wheels to the vehicle speed and of the 
acceleration/deceleration of the vehicle, it is determined 
Whether data in Which the acceleration/deceleration of the 
vehicle is Within the speci?ed range of 10.005 G are present 
Within tWo seconds (Step S2). If data Was present Within the 
speci?ed range, the slip rate corresponding to this 
acceleration/deceleration Was calculated (Step S3). An aver 
age value Was obtained from data of slip rates obtained for, 
for instance, one hour (Step S4). 

In the above steps, the preliminarily obtained slip rate 
under normal air pressure Was 1.001. The average value of 
current slip rates of 1.0035 Was obtained from data obtained 
When the vehicle Was made to run on public road for 
approximately one hour upon decompressing both Wheel 
tires of the front Wheels by 30%. 

It is then determined Whether there is a difference betWeen 
the current average value of slip rates and the slip rate under 
normal air pressure (Step S5). Since an absolute value of the 
difference betWeen these slip rates 0.0025 (|0.001—1.0035|) 
is not less than the speci?ed threshold of, for instance, 0.002, 
it could be judged that both Wheel tires of the front Wheels 
have simultaneously decompressed (Step S6). 
As explained so far, it is possible to judge simultaneous 

decompression of both front Wheel tires or both rear Wheel 
tires When employing the present invention. 

The invention being thus described, it Will be obvious that 
the same may be varied in many Ways. Such variations are 
not to be regarded as a departure from the spirit and scope 
of the invention, and all such modi?cations as Would be 
obvious to one skilled in the art are intended to be included 
Within the scope of the folloWing claims. 
What is claimed is: 
1. A method for judging decompression of tire based on 

rotational information obtained from tires attached to a 
vehicle; said method comprising the steps of: detecting 
rotational information of the respective tires; storing the 
rotational information of the respective tires; obtaining an 
acceleration/deceleration of the vehicle; obtaining a slip rate 
When the acceleration/deceleration of the vehicle is Within a 
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8 
speci?ed range proximate to Zero; comparing the slip rate 
With a slip rate Which has been preliminarily obtained When 
the tire is under normal air pressure; and judging simulta 
neous decompression of both front Wheel tires or simulta 
neous decompression of both rear Wheel tires on the basis of 
a relationship betWeen a value obtained through comparison 
of the tWo slip rates and a speci?ed threshold. 

2. An apparatus for judging decompression of a tire based 
on rotational information obtained from tires attached to a 

vehicle; said apparatus comprising: rotational information 
detecting means for detecting rotational information of the 
respective tires; a rotational information storing means for 
storing the rotational information of the respective tires; an 
acceleration/deceleration calculating means for obtaining an 
acceleration/deceleration of the vehicle; a slip rate calculat 
ing means for obtaining a slip rate When the acceleration/ 
deceleration of the vehicle is Within a speci?ed range 
proximate to Zero; a slip rate comparison means for com 
paring the slip rate With a slip rate Which has been prelimi 
narily obtained When the tire is under normal air pressure; 
and a decompression judging means for judging simulta 
neous decompression of both front Wheel tires or simulta 
neous decompression of both rear Wheel tires on the basis of 
a relationship betWeen a value obtained through comparison 
of the tWo slip rates and a speci?ed threshold. 

3. A program for judging decompression of a tire, in 
Which for judging decrease in tire air-pressure, said program 
containing instructions for a computer to function as a 
rotational information storing means for storing the rota 
tional information of the respective tires; an acceleration/ 
deceleration calculating means for obtaining an 
acceleration/deceleration of the vehicle; a slip rate calculat 
ing means for obtaining a slip rate When the acceleration/ 
deceleration of the vehicle is Within a speci?ed range 
proximate to Zero; a slip rate comparison means for com 
paring the slip rate With a slip rate Which has been prelimi 
narily obtained When the tire is under normal air pressure; 
and a decompression judging means for judging simulta 
neous decompression of both front Wheel tires or simulta 
neous decompression of both rear Wheel tires on the basis of 
a relationship betWeen a value obtained through comparison 
of the tWo slip rates and a speci?ed threshold. 


